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Description 

Field of the Invention 

The present invention relates to an enhanced-circulation effector composition and method for treating a subject 
with small effector molecules which are normally subject to rapid renal clearance from the bloodstream. 
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Background of the Invention 

A number of emerging or current therapies involve intravenous injection of 6mall (less than 50 Kdaltons) protein, 
polypeptide or polysaccharide effectors. Such effectors can include antfcody fragments, for use in active immunity; 
cytokines and cellular growth factors, for stimulating immunological inflammatory responses; hormones; and polysac- 
charides, which are capable of interacting with endothelial cell receptors to conpetitively block neutrophil binding to 
activated endothelial cells lining the Wood vessel (Katre, Philips. Waldmann). 

Other small polypeptide effectors have been proposed for use in blocking viral infection of target cells in the blood, 
such as a CD4+ glycopeptkte which is effective to inhibit binding of human immunodeficiency virus (HIV) to CD4+ cells 
(Capon, Janeway). 

Polymyxin B. a small basic peptide which is rapidly excreted by the kidneys, is known to react with and neutralize 
gram-negative bacterial endotoxins, specifically E. coli 01 1 1 :B4 liposaccharide (LPS) (Baldwin), ft is not often adminis- 
tered parenteral^ as a treatment lor septic shock syndrome, because high doses of polymyxin B are required for effec- 
tive treatment. High doses can be fatal, due to renal toxicity, making advanced stages of septic shock difficult to treat. 

The problem of rapid renal clearance observed with polymyxin B is also applicable to other small peptides, such as 
those discussed above, which have been used for parenteral treatment of disease. In general, circulating proteins which 
are smaller than about 50-60 KdaHons will be cleared by the kidneys with a lifetime less than 1 -2 hours. 

In some cases, peptide molecular weight can be increased above the threshold 50-60 Kdatton size by derivatizing 
the peptide with biologically compatble polymers, such as polyethyleneglycol (PEG) (e.g. ( U.S. Patent No. 4,179.337). 
However, this strategy may not always be effective for small effectors, eg., those with molecular weights less than about 
5-10 Kdatton. Moreover, derivatizing a polypeptide with a plurality of PEG chains may destroy or reduce the polypeptide 
activity, and/or mask key activity sites of the polypeptide. 

As another approach to extending the period of action of a small molecular-weight pharmacological agent, the 
agent may be encapsulated in macromolecular particles, such as liposomes, for release of the agent from the particle 
at a selected site, ag., in the bloodstream or at a target 6ite. Until the small agent is released from the particles, it has 
an effective molecular weight and circulation time of the particles themselves. In the case of conventional liposomes, 
rapid particle uptake by the reticuloendothelial system (RES) leads to accumulation of the particles in RES tissue, such 
as the liver, which may provide a mechanism of delayed release of the agent from the RES tissue. 

As an improved approach, the circulation time of liposomes in the bloodstream may be enhanced severalfold by 
coating the liposomes with a hydrophilic polymer, such as polyethylene glycol (PEG), as described in co-owned U.S. 
Patent No. 5.013.556 (Vtoodle). The polymer coating may enhance circulation time by reducing binding of serum pro- 
teins, such as opsonins, to the liposomes, particularly by shielding the surface charge and/or hydrophobic sites of the 
liposome surfaces from serum proteins. 

It has also been proposed to enhance accumulation of such polymer-coated liposomes at a desired target site, by 
attaching targeting agents, such as antfoodies. to the coated liposomes (Klibanov). Wfoanov showed effective antibody 
targeting when the antibody is attached directly to the liposome surface, although some loss of antibody binding was 
observed, presumably due to a steric-hindrance effect. The article also proposed attaching the antibodies to the poly- 
mer-chain ends, although this approach would seem to be contrary to the proposed mechanism of PEG chains in 
shielding the liposomes from surface charges and hydrophobic sites, as discussed in Klibanov (p. 324). 

g^mmarv of the Invention 

The invention includes, in one aspect, a liposome composition for use in treating a subject with a polypeptide or 
polysaccharide effector which is effective as a pharmacological agent when circulating in free form in the bloodstream, 
but which is rapidly removed from the bloodstream by renal clearance in free form. The composition includes liposomes 
having an outer surface layer of polymer chains and the effector covalently attached to the distal ends of the chains. 

A preferred polymer is polyethylene glycol with chain lengths between about 1 ,000 and 10,000 dartons molecular 
weight 

Preferred effectors include: 

(a) an antibody fragment having neutralizing activity against a given pathogen present in the bloodstream, for 
use in treating the subject for infection by the pathogen; 

(b) a CD4 glycoprotein, for use in treating the subject for infection by human immunodeficiency virus (HIV); 

(c) a cytokine or cellular growth factor, for use in stimulating an immune response in the subject; 
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(d) a mono or polysaccharide, such as sialyl Lewis", which binds to endothelial leukocyte adhesion molecule 
(ELAM), for use in treating a vascular inflammation related to neutrophil recruitment into sites of inflammation; 

(e) IL-1 inhibitor or IL-1RA, for treating the subject to achieve immune-response suppression; 

(f) polymyxin B, or polymyxin B decapeptide, for treating the subject for septic shock; 

(g) a peptide hormone, for treating diseases subject to peptide hormone control; and 

(h) a peptide, for use in blocking a ligand-receptor cell binding event 

In one specific errtoodiment. the invention includes a liposome composition for use in treating the subject for septic 
shock. In this entwdiment, the liposome composition contains liposomes having an outer layer of polyethylene glycol 
(PEG) chains and polymyxin B attached to the distal ends of the polymer chains. 

In another embodiment, the Iposome composition is for use in treating inflammation in a subject. The composition 
includes liposomes having an outer surface layer of hydrophilic polymer chains and sialyl Lewis* covalently attached to 
the distal ends of the chains. The hydrophilic polymer may be pdyethyleneglycol, polyvinylpyrrolidone, polymethyloxa- 
zoline, polyethyloxazoline, polyhydroxypropyl methacrylamide. polymethacrylamide. polydimethylacrylamide. polylactic 
acid, polyglycolic acid, and derrvatized celluloses. 

These and other objects and features of the invention will became more fully apparent when the following detailed 
description of the invention is read in conjunction with the accompanying drawings. 

Brief Descripti on "* ^ Drawings 

Fig. 1 shows steps for the synthesis of a maieimide of a DSPE carbamate of polyethylene glycol (PEG) bis (amine); 
Fig! 2 shows steps for the synthesis of a disulfide linkage-containing propionamide of a DSPE carbamide of poly- 
ethylene glycol (PEG) bis (amine); . ^ ^ 
Fig. 3 shows the synthetic scheme for the preparation of an aldehyde of an ethylene-linked PEG derivative of 

DSPE* 

Fig 4 illustrates steps in the formation of a PEG-derivatized PE having a maieimide group at the polymer end; 
Fig. 5 illustrates steps in the formation of a PEG-derivatized PE having a bromoacetamide group at the polymer 

end; _ . 1( , . . 

Fig 6 shows steps in the synthesis of a derrvatized DSPE lipid having a PEG terminal hydrazide group; 

Figs. 7A-7D show steps in the synthesis of a derivatized DSPE lipid having a PEG terminal activated group (7A) 

which can be used to couple a variety of amine-oontaining groups (7B-7D) to the PEG polymer ends; 

Fig 8 shows steps in forming another PE derivatized by a PEG spacer chain having a hydrazide group; 

Fig. 9 shows the covalent coupling of a peptide, via a sulfhydryt group, to the nialamide of a DSPE carbamate of 

PEG bis (amine) shewn in Fig. 1 ; 

Fig. 10 shows the covalent coupling of a peptide, via a suHhydiyl group, to a disulfide linkage-containing propiona- 
mide of a DSPE carbamide of PEG bis (amine) maieimide of the DSPE carbamate of PEG bis (amine) shown in 
Fig. 2; 

Fig 11 shows the covalent coupling of a peptide, by reductive amination, to the aldehyde of an ethylene-linked 
derivative of DSPE carbamide of PEG (PEG), shown in Fig. 3; Fig. 12 shows a plot of a time course of gallium-67 
labelled liposomes corrposed of hydrazide PEG-DSPE, partially hydrogenated egg phosphatidylcholine (PHEPC). 
and cholesterol (PEG-HZ fluid liposomes) or hydrazide PEG-DSPE, hydrogenated serum phosphatidylcholine 
(HSPC). and cholesterol (PEG-HZ rigid liposomes) in the bloodstream; and 

Fig. 13 shows the amino acid sequences for peptides identified by SEQ ID NOS:1-10, in conventional single-letter 
amino acid code. 

Detailed Description o f the Invention 
I. Definitions 

Unless otherwise indicated, the terms below have the following meaning: 

•Vesicle-forming lipid" refers to any lipid capable of forming part of a stable micelle or liposome composition and 
typically including one or two hydrophobic acyl hydrocarbon chains or a steroid group and may contain a chemically 
reactive group, such as an amine, acid, ester, aldehyde or alcohol, at its polar head group. 

"Effector" refers to polypeptides, mono or polysaccharides, and glycopeptides. Polypeptides, polysaccharides or 
glycopeptides may have sizes up to about 50-60 Kdaltons. 



4 
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II Fftertor Composition 

The invention includes, in one aspect, a liposome composition for use in treating a subject with a small polypeptide 
or polysaccharide effector molecule which is itself, in free form, removed rapidly from the bloodstream by renal clear- 
ance The composition includes a liposomal carrier composed of liposomes having an outer layer formed of hydrophilic 
polymer chains, e.g., PEG. The effector is attached to the distal ends of the polymer in a portion of the derivatized ves- 
icle-forming lipid. Tlie effector is attached to distal end of a polymer chain to preserve the biological activity of the effec- 
tor, such as behaving as a member of a ligand-receptor binding pair. The preparation of the composition follows the 
general procedures below. 

A l ipid Components 

The liposomal carrier of the composition is composed of three general types of vesicle-forming lipid components. 
The first includes vesicle-forming lipids which will form the bulk of the vesicle structure in the liposome. 

Generally, these vesicle-forming lipids include any amphipathic lipids having hydrophobic and polar head group 
moieties, and which (a) can form spontaneously into bilayer vesides in water, as exemplified by phospholipids, or (b) 
are stably incorporated into lipid bilayers, with its hydrophobic moiety in contact with the interior, hydrophobic region of 
the bilayer membrane, and its polar head group moiety oriented toward the exterior, polar surface of the membrane. 

The vesicle-forming lipids of this type are preferably ones having two hydrocarbon chains, typically acyl chains, and 
a polar head group. Included in this class are the phospholipids, such as phosphatidylcholine (PC). PE. phosphatkJic 
acid (PA), phosphatidylinositol (PI), and sphingomyelin (SM). where the two hydrocarbon chains are typically between 
about 14-22 carbon atoms in length, and have varying degrees of unsaturation. The above-described lipids and phos- 
phoTpids whose acyl chains have a variety of degrees of saturation can be obtained commercially, or prepared accord- 
ing to published methods. Other lipids that can be included in the invention are glycol pids and sterols, such as 

cholesterol. . 

The second general component includes a vesicle-forming lipid which is derivatized with a polymer chain which will 
form the polymer layer in the composition. The vesicle-forming lipids which can be used as the second general vesi de- 
forming lipid component are any of those described for the first general vesicle-forming lipid component Vesicle forming 
lipids with diacyl chains, such as phospholipids, are preferred. One exemplary phospholipid is phosphatidyleth- 
anolamine (PE), which provides a reactive amino group which is convenient for coupling to the activated polymers. An 
exemplary PE is distearyl PE (DSPE). 

The preferred polymer in the derivatized lipid, is polyethyleneglycol (PEG), preferably a PEG chain having a molec- 
ular weight between 1 ,000-10.000 daltons, more preferably between 2,000 and 5.000 daltons. Other hydrophilic poly- 
mers which may be suitable include polyvinylpyrrolidone, polymethyloxazoline, polyethylaxazoline, polyhydroxypropyl 
methacrytamide, polymethacrylamide and polydimethylacrylamide, potylactic acid, polyglycolic acid, and derivatized 
celluloses, such as hydroxymethylcellulose or hydroxyethyl cellulose. 

Additionally, block copolymers or random copolymers of these polymers, particularly including PEG segments, may 
be suitable. Methods for preparing lipids derivatized with hydrophilic polymers, such as PEG, are well known e.g., as 
described in co-owned US. Patent No. 5,013,556. 

The third general vesicle-forming lipid component is a lipid anchor by which the effector is anchored to the lipo- 
somes, through a polymer chain in the anchor. Additionally, the effector is positioned at the distal end of the polymer 
chain in such a way so that the biological activity of the effector is not lost. The lipid anchor has a hydrophobic moiety 
which serves to anchor the lipid in the outer layer of the liposome bilayer surface, a polar head group to which the inte- 
rior end of the polymer is oovalently attached, and a free (exterior) polymer end which is or can be activated for covalent 
coupling to the effector. Methods for preparing lipid anchor molecules of this types are described below. 

R | ipngome Preparation 

The liposomes may be prepared by a variety of techniques, such as those detailed in Szoka et al, 1980. Multila- 
mellar vesicles (MLVs) can be formed by simple lipid-f ilm hydration techniques. In this procedure, a mixture of liposome- 
forming lipids of the type detailed above dissolved in a suitable organic solvent is evaporated in a vessel to form a thin 
film, which is then covered by an aqueous medium. The l(pid film hydrates to form MLVs, typically with sizes between 
about 0.1 to 10 microns. 

The Ijpids components used in forming the liposomes are preferably present in a molar ratio of about 70-90 percent 
vesicle forming lipids. 1 -25 percent polymer derivatized lipid, and 0. 1 -5 percent lipid anchor. One exemplary formulation 
includes 50-70 mole percent underivatized PE. 20-40 mole percent cholesterol, 0. 1 -1 mole percent of a PE-PEQ (3500) 
polymer with a chemically reactive group at its free end for effector coupling. 5-10 mole percent PE derivatized with 
PEG 3500 polymer chains, and 1 mole percent a-tocopherol. The liposomes are preferably prepared to have substan- 
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tially homogeneous sizes in a selected size range, typically between about 0.03 to 0.5 microns. One effective sizing 
method for REVs and MLVs involves extruding an aqueous suspension of the liposomes through a series of polycar- 
bonate membranes having a selected uniform pore size in the range of 0.03 to 0.2 micron, typically 0.05, 0.08, 0.1, or 
0.2 microns. The pore size of the membrane corresponds roughly to the largest sizes of liposomes produced by extru- 
sion through that membrane, particularly where the preparation is extruded two or more times through the same mem- 
brane. Homogenization methods are also useful for down-sizing liposomes to sizes of lOOnm or less (Martin). 

C. Effector Component 

The effector in the composition is a therapeutic polypeptide, mono or polysaccharide, or glycopeptide character- 
ized, when administered intravenously in free form, by rapid clearance from the bloodstream, typically within 1-2 hours. 
Below are described preferred effectors for use in the invention. 

1 . Fragment. The F ab fragment is one which has neutralizing activity against a given pathogen. The composition 
is used as a passive vaccine effective to provide humoral immunity against one of a variety of selected pathogenic 
antigens. 

F ab fragments of neutralizing antibodies can be prepared according to conventional methods (Harlow). The 
fragment is preferably from a humanized monoclonal antibody (M^. Such antibodies can be prepared by pub- 
lished recombinant DNA methods (Lanrick). The antibody is preferably coupled to liposomal hydrophilic polymer 
groups via sutfhydryl linkages, as described above. 

2. CD4 Glycoprotein Effector. The CD4 glycopeptide is a region of the CD4 receptor of CD4+ T cells (Capon). The 
effector acts to block HIV infection of CD4+ T cells by blocking gp120-mediated HIV binding to the CD4 receptor. 
The effector can be produced according to known recombinant methods (Maniatis). 

3. Cytokines . The cytokines given in Table 1 below are examples of cytokines which are useful in the present inven- 
tion. The cytokines may be obtained by recombinant production methods, according to published procedures. The 
therapeutic uses of the individual cytokines have been described in the literature (see, for example, Abbae). Some 
cytokine effectors may be administered on a short term basis to enhance a weak immunogenic or weak microbi- 
cidal response. The effectors may be administered on a long term basis as part of a therapy treatment for cancer 
or AIDS (Waldmann). 



Table 1 







II A. Mediators of Natural Xmamnxty 


I FN -alpha 


18 kD (monomer) 


IFN-beta 


20 kO (monomer) 


Tumor necrosis factor (TNF) 


17 kD (homot rimer) 


Interleukin-1 (alpha and beta) 


17 kD (monomer) 


Interleukin-6 


26 kD (monomer) 
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TOJLIJI2 ■ ?;>•'} 


|-:;V; ■ 


Interleukin-8 * s 


| 8*10 (monomer or dinter) 


B. Mediators of Lymphocyte Activation, Growth and Dif- 
ferentiation 


Interleukin-2 


14-17 kD (monomer) 


1 Inter leu kin-4 


20 kD (monomer) 


H Transforming growth factor (beta) 


14 kD (monomer or dimer) 


H C. Mediators of Effector Cell Adhei 


ion 


| Gamma Interferon 


21-24 kD (homodimer) 


| Lyrapho toxin 


24 kD (homotr inter) 


H lnterleukin-5 


20 kD (monomer) 1 


n D. Mediators of Immature Leukocyte 


Growth and Differentiation fl 


Interleukin-3 _ . 


20-26 kD (monomer) 


Granulocyte-macrophage Colony 
Stimulating Factor 


22 kD (monomer) 


Macrophage Colony Stimulating Factor 


40 kD (dimer) 


Granulocyte CSF 


19 kD (monomer) 


Inter leukin-7 


25 kD (monomer) 



4 ELAM-1 Binding Inhibitor. Inflammation causes the expression of a polypeptide, endothelial leukocyte adhesion 
molecule-1 (ELAM-1), on the surface of endothelial cells of blood vessels, adjacent to sites of inflammation. ELAM- 
1, in turn, recognizes and binds a polysaccharide moiety, sialyl Lewis* on surfaces of neutrophils, and recruits neu- 
trophils to sites of inflammation. By preventing the recognition and binding of neutrophils by ELAM-1, excessive 
inflammatory responses due to conditions, such as reperfusion injury, septic shock, and chronic inf lamrnatory dis- 
eases, can be avoided. 

In this embodiment, the effector is the tetrasaccharide. sialyl Lewis x . recognized by ELAM-1 (Phillips), for ther- 
apeutical use in preventing excessive recruitment of neutrophils to sites of inflammation in the blood stream. The 
effector is produced by the glycosylation mutants of Chinese hamster ovary (CHO) cells, and may be obtained in 
purified form from the cultured cells (Phillips). Alternatively, the effector is produced by chemical and/or enzymatic 
synthesis (Borman, Ichikawa). 

5. inhibitors of IL-1 Activity. The effector in this embodiment is an IL-1 inhibitor, or IL-1 receptor antagonist (I LIRA), 
which blocks binding of IL-1 to receptors on lymphocyte cell surfaces (Stylianou). 

IL-1 production is stimulated by both endotoxins which cause septic shock and exotoxins which cause toxic 
shock syndrome (Dinarello). IL-1 production during septic shock or toxic shock may exacerbate the clinical symp- 
toms observed in patients. Therefore, use of an IL-1 inhibitor effector to decrease the clinical symptoms associated 
with either toxic shock or septic shock may be beneficial. 

IL-1 inhibitor is a 52 to 66 Kd polypeptide that binds specifically to IL-1 to inhibit Its immunostirnulalory 
responses. IL1RA is a 23 to 25 KD polypeptide that competes with binding of IL-1 to its cell surface receptors to 
inhfort IL-Vs immunostimulatory responses. 

6. Polymyxin B . This effector is a cationic detergent with a hydrophobic portion (6-methyloctanoyl) and a short basic 
decapeptide portion. Polymyxin B reacts with and neutralizes gram-negative bacterial endotoxins, specifically E. 
cofi 01 1 1 :B4 liposaccharide (LPS) (Baldwin). Polymyxin B is used in the treatment of gram-negative bacterial irrfec- 
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tions. Since polymyxin B must be administered frequently and in high doses because of its rapid clearance from the 
bloodstream, it causes severe irreversible kidney damage. Polymyxin B can be chemically synthesized or isolated 
from spore-forming gram-positive bacilli, such as Bacillus polymyxa. 

Alternatively, the effector is an 1 1 .8 Kdalton peptide isolated from amebocytes of Limulus polyphemus, limulus 
5 antilipopolysacCharide factor (LALF). LALF neutralizes meningococcal lipooligosaocharide, as well as other gram- 

negative endotoxins, and can be used to treat gram- negative sepsis (Wainwright). 

7. Pentide Hormone . This effector can be used in the treatment of various diseases. In one embodiment, the effec- 
tor is parathyroid hormone (PTH) which is 84 amino acids in length and can inhibit osteoblast division. Certain bone 
cancers are characterized by uncontrolled osteoblast division (Kano). Alternatively, the peptide hormone can be 

w used to target a liposome to cells that contain receptors for a specific peptide hormone. 

8. Peptide . A number of pathological conditions involve ligand-specific cell-binding events, where a molecule 
adheres to the surface of a cell via a ligand. For example, the ligand laminin mediates the binding of malignant cells 
to basement membranes, an initial step in formation of metastatic tumors. Attachment of some bacteria, such as 
Pseudomonas, to host epithelial cells is mediated by a ligand-binding event, as is the binding of viral particles to 

75 host cells. The infection of cells by human immunodeficiency virus (HIV) also requires ligand-specific cell-binding 
events as a part of the infection process. The cell-binding events in these processes are specific and, therefore, in 
many cases it is possible to inhibit the cell -binding event by exposing the cell to a small peptide which competes 
with the ligand for receptor sites. Inhfoition of the cell-binding event potentially results in arresting the infection proc- 
ess. 

20 In this embodiment, the effector is a peptide effective to block a ligand-receptor cell-binding event The peptide 

may be one effective to inhtoit infection by human immunodeficiency virus (HIV), by inhibiting virus-particle attach- 
ment to T cells, where the peptide has one of the amino acid compositions (Fig. 13): SEQ ID NO:1 (Nehete); SEQ 
ID NO:2 (Nehete); SEQ ID NO:3 (Nehete); SEQ ID NO:4 (Nehete); or SEQ ID NOS (Nehete). 

The peptide may be effective for retarding tumor metastasis, by inhibiting the binding erf free tumor cells to 
25 basement membrane cells, where the peptide has one of the amino acid sequences: SEQ ID NOS (Iwamoto); SEQ 
ID NO:7 (Iwamoto); SEQ ID NO:8 (Humphries); SEQ ID NOS (Iwamoto); or SEQ ID NO:10 (Kawasaki). 

Other binding-related peptides, such as those useful for inhibiting Pseudomonas infection, by inhibiting bacte- 
rial attachment to epithelial cells (e.g., Sastry, Lee) may be employed. 

30 D. Attachment of Effector to Liposome Carrier 

For effector attachment to liposome carriers the free polymer end of a lipid anchor is activated prior to effector cou- 
pling. In the following specific examples, both lipid anchor formation and activation reactions are described. The reac- 
tions are shown with respect to the free lipid, distearylphosphatidyletharolamine (DSPE). The activated lipid anchors 
35 are then incorporated into liposomal carriers, as descrbed above. 

One advantage of activating the PEG terminal group of the lipid anchor prior to liposome formation is that a broader 
range of reaction solvents and reaction conditions may be employed. Further, the liposomes themselves are not 
exposed to the activating reagents. Thus, the need to remove reagent contaminants from the liposomes is avoided. 

It will also be appreciated that the activation reactions may be performed after lipid anchor incorporation into lipo- 
ma somal carriers. In some coupling reactions it may be more desirable to activate the terminal PEG groups on preformed 
liposomes. One advantage of this approach is that the activation reaction is confined to the outer, surface-accessible 
lipids, and thus the activated groups can be completely quenched prior to use of the oorrposition in therapy. The 
approach is also preferred for reactions in which the activated PEG termini are unstable in water. 

Fig. 1 shows the synthesis of a DSPE derivatized with a PEG chain and having an activated chemical group at the 
45 chain's free end. Initially, PEG bis (amine) (compound I) is reacted with 2-nitrobenzene surfonyl chloride to generate the 
monoprotected product (compound II). Compound II is reacted with carbonyl diimidazole in triethylarnine (TEA) to form 
the imidazole carbamate of the mono 2-nrtrobenzene-suHonamide (compound III). 

Compound III is reacted with DSPE in TEA to form the derivatized PE lipid protected at one end with 2-nrtrobenzyl 
sulfonyl chloride. The protecting group is removed by treatment with acid to give the DSPE-PEG product (compound 
so IX) having a terminal amine on the PEG chain. Reaction with maleic acid anhydride gives the corresponding maleamic 
product (compound V), which on reaction with acetic anhydride gives the desired PE-PEG-maleimide product (com- 
pound VI). Details of the reactions are given in Example 1 . 

The compound is reactive with sulfhydryl groups, tor coupling polypeptides through a thioether linkage, as illus- 
trated in Fig. 8. 

55 Fig. 2 illustrates the synthesis of another derivatized lipid useful for coupling suHhydryl-corrtaining polypeptides to 
the polymer terminal end of the derivatized lipid. Here the PE-PEG (compound IV) from above is treated with N-succin- 
imidyl-3-(2-pyridyldithio) propionamkJe (compound VII) to form the anchor lipid PE-PEG (compound VIII). The com- 
pound can react with a sulfhydryl group of a peptide to couple peptide to the lipid through a disulfide linkage as 
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illustrated in Fig. 9. 

Another reaction method for coupling a protected polyalkylether to a lipid amine is shown in Fig. 3. In this reaction 
scheme, PEG (compound IX) is initially protected at one of its terminal OH ends by a trimethylsilane group, as shown 
at the top in Fig. 5. The protected PEG (compound X) is reacted with the anhydride of tr'rf luoromethyl sulfonate to acti- 
vate the free PEG end with trifluoromethyl sulfonate (compound XI). Reaction of the activated compound with a lipid 
amine, such as PE, in the presence of triethylamine, and release of the trimethylsilyl protective group by acid treatment, 
gives the PE-PEG derivative (compound XII) containing a terminal alcohol group which is oxidized in the presence of 
dimethylsulfoxide (DMSO) and acetic anhydride to convert the terminal OH to an aldehyde group (compound XIII) which 
can be coupled to a peptide via reductive amination, as illustrated in Fig. 10. Reaction details are given in Example 2. 

More generally, the derivattzed lipid components can be prepared to include a lipkJ-polymer linkage, such as a pep- 
tide, ester, or disulfide linkage, which can be cleaved under selective physiological conditions, such as in the presence 
of peptidase or esterase enzymes or reducing agents, such as glutathione, present intracellularly. 

An alternative general method for preparation of lipid derivatives of PEG suitable for coupling to effector molecules 
involves omega-amino carboxylic acids of PEG (such as compound XIV) as starting material and is illustrated in Figs. 
4 and 5. Methods for preparing such heterobifunctional PEG derivatives have been described by Zalipsky, era/.. (1986; 
1990). In the Fig. 4 reaction scheme, an omega-amino carboxylic acid of PEG (Zalipsky, et a/., 1986) is reacted with 
maleimido propionate N-hydroxysuccinimide ester (MPS, Pierce), using an excess of MPS. The carboxyl group of the 
resulting maleirnido-PEG (compound XV) is then reacted with a lipid amine, such as PE, in the presence of N-hydrox- 
ysuccinimide, to link the PEG to the lipid through an amide linkage (compound XVI). The maleimido group at the "free" 
end of the polymer is reactive towards thiol-containing ligands, proteins, e.g., immunoglobulins and fragments thereof. 

A related scheme is illustrated in Fig. 5. which shows initial formation of a terminal bromoacetamide group on a 
PEG carboxylic acid (compound XVII), by reacting an omega-ami ne carboxylic acid of PEG (compound XIV) with bro- 
moacetyl N-hydroxysuocinimide ester. The PEG is then coupled to a suitable lipid amine, such as PE, as above, to form 
the derrvatized lipid (compound XVIII). The bromoacetamide group, being more selective and more stable than a male- 
imide group, will allow more flexibility in the methods used for liposome formation and loading. 

The reaction scheme shown in Fig. 6 is for the preparation of a derrvatized lipid in which the free PEG end is an OH 
group (omega OH group). In the reaction illustrated in Fig. 6, the omega-hydroxy carboxylic acid of PEG (compound 
XIX) (Zalipsky, 1990) is esterified with methanol, to protect the terminal acid group (compound XX). The terminal 
hydroxy! group is then converted into a functional group reactive towards primary amines (Zalipsky, 1992a), for exam- 
ple, a sucdnimidyl carbonate (SC) derivative (compound XXI). This compound is formed by reacting compound XX with 
phosgene, with subsequent reaction with N-hydroxysuccinimide (Zalipsky, 1992b). The resulting SC-PEG-C0 2 -Me 
(XXI) reacts with a lipid amine, such as DSPE, to form the DSPE-PEG-C0 2 -Me (Compound XXII). The methyl ester can 
be cleanly hydrazinolyzed to yield PE-PEG-CO-N 2 H 3 (compound XXIII), as shown. This hydrazide-containing PEGMipid 
is incorporated into liposomes by conventional methods. The hydrazide group can be used for attachment of aldehyde 
or ketone containing effector molecules. 

Such carbonyl groups exist or can be easily generated on numerous carbohydrate containing molecules, ag. oli- 
gosaccharides, nucleotides, low molecular weight glycosides, lectins, immunoglobulins and other glycoproteins by 
chemical (periodate oxidation) or enzymatic reactions (galactose oxidase). The linkages formed, hydrazones, are rea- 
sonably stable at pH h 7.5. but are deavable by acid catalyzed hydrolysis at lower pH values. These linkages can be 
stabilized by reduction, e.g.. with sodium cyanoborohydride. An advantage of this approach is the stability of hydrazide 
groups which will allow for the use of a wide array of liposome formulations and loading protocols. 

Alternatively, as illustrated in Fig. 7A. the o>-hydroxy carboxylic acid of PEG (compound XIX) can be used for reac- 
tion with amino groups of PE derivatives, can be initially coupled to the amine lipid, e.g., DSPE, to form the derivatized 
lipid (compound XXIV). The terminal OH group of this conjugate can be activated, for example, with disuccinimidyl car- 
bonate (DSC), to form SC-PEG-DSPE (compound XXV) for selective reactions with a variety of amino-group containing 
compounds. Chemical reactions are described in Example 4. These amino-group containing compounds will also pos- 
sess at least one other functional group to which numerous effector molecules may be attached. The attachment of the 
effector molecules may occur before or after liposome formation. 

In one case, as illustrated in Fig. 7B, the SC-PEG-DSPE is reacted with 2-aminoethanedithiopyridine. The deriva- 
tive formed (compound XXV) can be used in two ways. The dithiopyridine group is reactive towards thiol-containing mol- 
ecules and it is quite stable in a variety of conditions. Using mild reducing agents, e.g., p-mercaptoethanol, it is possible 
to convert the dithiopyridine groups on the liposomes into free thiols, which in turn can be used in various conjugation 
procedures involving ligands containing alkylating maleimido or bromoacetate groups or reactive mixed disulfide groups 
like dithiopyridine. 

In the reaction illustrated in Fig. 7C. the SC-PEG-DSPE is reacted with aminopropanedioJ. producing a diol termi- 
nated PEG-lipid (compound XXVII). After incorporation into a liposome, the diol can be oxidized with periodate under 
mild conditions ([I0 4 -I £ 10 mM, 4°C) to provide a reactive aldehyde. The aldehyde containing PEG-Jiposomes will react 
irreversibly with a variety of amino-corrtatning effector molecules in the presence of sodium cyanoborohydride. 
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In the reaction illustrated in Fig. 7D, SC-PEG-DSPE is coupled to a galactosamine. "The galactose residue on the 
derivatized lipid (compound XXVIII) can then be enzymatically oxidized by galactose oxidase. The aldehyde bearing 
PEG-liposomes obtained by this process can be used for conjugation with ammo-group containing effector molecules. 
In addition to the mildness of the reaction conditions, the aldehyde groups are solely generated on the outer surface of 
5 the liposome. 

Additionally, there is evidence that oxidized galactose residues are useful for stimulation of the immune system, 
specifically for T cell activation. A liposome having oxidized galactose residues on its surface is likely to act as an adju- 
vant and might be useful in vaccines (Zheng). 

In another procedure, illustrated in Figure 8 and described in Example 5, DSPE-PEG-hydrazide is prepared. First 
10 PEG is reacted with ethyl isocyanatoacetate in the presence of triethylamine to generate mono and dicarboxylated spe- 
cies of PEG. The monocarboxylated species is purified by ion-exchange chromatography on DEAE-Sephadex (com- 
pound XXIX, identical to compound XIX). Compound XXIX is reacted with tert-butyl carbazate to generate the hydroxy 
Boc-hydrazide derivative of PEG (compound XXX). The free hydroxyl group is activated by reaction with disuccinimidyi 
carbonate to activate the terminal hydroxyl group (compound XXXI) prior to reaction with DSPE to generate product 
15 (compound XXXII). Compound XXXII is deprotected with 4M HCI in dioxane exposing the free hydrazide group. Lipid- 
PEG-hydrazide is the incorporated into liposomes. These hydrazide groups are reactive towards aldehydes, which as 
described above can be generated on numerous biologically relevant compounds. 

The methods just described may be applied to a variety of lipid amines, including PE, cholesteryl amine, and gly- 
colipids with sugar amine groups. It will be appreciated that a variety of alternative coupling reactions, in addition to 
20 those just described, are suitable for preparing vesicle-forming lipids derivatized with hydrophilic polymers such as 
PEG, having terminal groups which are activated or are reactive in protein coupling reactions. 

1 . Maleimide Coupling Maleimides are widely used protein modifying reagents and are especially useful when the 
maleimide is one of two functional groups in a heterobifunctional crosslinking reagent. The reaction of maleimides 

25 with Gulfhydryl groups involves Michael addition of the mercaptane group to the activated double bond. Reaction 
with amino groups occurs by the same mechanism, but at a much slower rate. Since mercaptane is the most reac- 
tive species, particularly at neutral pH, the maleimide group can be used to target a small number of sulfhydryl 
groups and good selectivity is usually achieved. 

In one preferred embodiment, a derivatized lipid, such as PE-PEG, is formed with a terminal maleimide group 

30 (compounds VI and XVI), as illustrated in Figs. 1 and 4 above. The lipid, after incorporation into liposomes, is then 
reacted with a sulfhydryl -containing effector, typically a polypeptide, under suitable coupling conditions. The reac- 
tion of the maleimide lipid (compound VI or XVI) with a peptide sulfhydryl group is illustrated in Fig. 9. As shown, 
the reaction couples the protein to the lipid polymer through a thioether linkage, to give the derivatized PE (com- 
pound XXXIII). Use of the reaction to couple proteins to liposomes is described in Example 6. 

35 In this example the efficiency of p-galactosidase coupling to liposomes containing a maleimide coupling agent 

in the presence or absence of PE-PEG3500 is compared. The reactions were carried out with liposomes prepared 
to contain, as the maleimide coupling agent, either (a) the DSPE derivative of succinimidyl 4Kp-rraleimidophe- 
nyObutyrate (MBP), (b) the DSPE derivative of N-(11-maleimido-undecanoyl) (C11), or (c) the maleimide of PE- 
PEG3500. 

40 After the coupling reaction, performed as described above for (a) -(c), the amount of liposome-bound enzyme 

was quantitated. Recovery of liposomes was measured by scintillation counting and the recovery of protein was 
measured by the beta-galactosidase assay and direct quantitation of the protein amount. 

The maleimide of the DSPE carbamide of PEG3500 was very effective in crosslinking p-galactosidase to lipo- 
somes, either in the presence or absence of PE-PEG3500 chains. As seen in Table 2, there was essentially no drf- 

45 f erence in the amount of protein crosslinked to either type of liposome in two separate experiments. In addition, the 
amount of protein coupled to the PE-PEG maleimide was much higher than to either the MPB or MPB-Cn male- 
imides. The presence of "non-activated" PE-PEG3500 in the liposomes had little effect on the levels of coupling of 
the protein to PE-PEG-maleimide liposomes, but inhibited the level of protein coupling to liposomes containing 
either the MPB lipid, or the MBP-C 1t lipid. 

so 



55 



10 



EP 0 689 428 B1 

Table 2 



-Phenofc ype;*; '. 






PBG-DSPE; 








- 


MPB 




Xfi09 /22B4 


— 


MPB 




(-80) 


+ 


MPB 




(-2821 
\ ****** / 




c„ 




con 








847 


+ 






35B (-157) 




c„ 




80 




3500 




10,033 




3500 


-f _ 


572 




3500 




10,765/12,412 




3500 


+ 


110 



Background binding in -the absence of cross linker 
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2. Coaling by a-(2-pyridyldithio^ pron inn amide. The reaction of dithio propionamides with the sulfhydryl group pro- 
duces coupling to the sulfhydryl-oontaining molecules via a disulfide linkage. Disulfide exchange occurs readily at 
pH 8, in a nonreducing environment The method involves reaction of a thiol group in a peptide with a liposome pre- 
pared to contain PE-PEG (2-pyridyidithio) propionamide). The reaction couples the protein to the liposomes 
through a disulfide linkage as illustrated in Fig. 10 (compound XXXIV). 

3. Reductive amination . In this procedure, the terminal hydroxyl group of a PEG chain, covalently linked at one end 
to PE t is converted to the aldehyde by mild oxidation. The oxidation step may be carried out before or after incor- 
poration into liposomes to produce the aldehyde form of the derivatized lipid (compound XIII in Fig. 3). Reaction of 
the aldehyde with the amine group of an effector molecule gives the Schiff base (compound XXXV) which is then 
reduced to the desired derivatized lipid with amine-group linked peptide (XXXVI). 

As indicated above, the polymers can also be activated for effector coupling in preformed lipids, i.e., with the poly- 
mer-derivatized lipids already incorporated into liposomes. One advantage of this approach is that only polymer moie- 
ties on the outer surface of the liposomes are activated. In one general approach, involving PEG polymers, the terminal 
OH groups are first oxidized by treatment with sodium periodate for 2 hours at 20°C in the dark After oxidation, the 
excess reagent is removed, and the liposomes are incubated with the effector molecule, e.g. F ab fragments, in the pres- 
ence of 2M sodium cyanoborohydride (10 ulAnl) at 20°C for 14 hours. After completing the incubation, the liposomes 
were chromatographed on a Sepharose to remove free (non-linked) effector molecules. 
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in Rirtnris fream and Tissue Retention of Liposomes Containing En d-functionalized PEG-PSPE 

In vivo studies were undertaken to determine the bloodstream and tissue retention of liposomes containing end- 
functionalized PEG-DSPE. End-functionalized PEG-DSPE contains a chemically active group which can be used for 
attaching a variety of compounds to liposomes. From these studies it has been determined that end-functionalization 
does not affect the extended lifetime in the bloodstream of liposomes containing PEG-DSPE. monomethoxy PEG- 
DSPE. or other similarly modified vesicle-forming lipids. 

In experiments performed in support of the present invention, liposomes containing PEG-DSPE end-functionalized 
by hydrazide were prepared. The hydrazide group at the end of a PEG chain can be used for the introduction of other 
functional groups, or can be used in numerous types of conjugation schemes (Inman). Particularly useful is hydrazide's 
reactivity toward various glycoproteins, such as immunoglobulins (Wilchel^. for attaching these molecules to lipo- 
somes. 

Gallium 67-labelled, hydrazide end-functionalized PEG liposomes were injected in rats by tail vein injection at about 
10-20 micromolar phospholipid/kg body weight. Blood sample were obtained by retroob'rtal bleeding at defined times. 
The percent of gallium labelled liposomes remaining in the bloodstream was determined at 0, 15 minutes. 1, 3. 5, and 
24 hours and is presented in Table 3. The percent injected gallium 67-labelled liposome dose remaining in the blood 
stream at different times is illustrated in a half log plot versus time in Fig. 12. 

After 24 hours the animals were sacrificed and tissues removed for label quantitation. The percent of the injected 
dose found in selected tissues at 24 hours is presented in Table 3. 

The Wood and tissue retention of Ga-labelled. hydrazide end-functionalized liposomes having two different lipid 
compositions were also compared in Table 3. A fluid liposome composition was prepared from partially hydrogenated 
egg phosphatidylcholine (HPEPC). A typical liposome composition contains the hydrazide PEG-DSPE lipid, partially 
hydrogenated egg PC (PHEPC), and cholesterol in a lipid:lipid:lipid mole ratio of about 0.15:1.85:1. A rigid liposome 
composition was prepared by sub^ for PHEPC at the same 

mole ratio. 

As is indicated in Table 3, the fluidity of the liposome composition does not affect the Wood retention time of the 
liposomes. However, the fluidity of the liposome composition does appear to affect the tissue distribution of the end- 
functionalized liposome. For example, rigid liposomes are preferentially retained by liver, spleen and bone tissue. Fluid 
liposomes are preferentially retained by the kidneys, heart, skin and muscle tissue. 
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Table 3 
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IV. Therapeutic Effector Compositions 

Below are described specific embodiments of the effector composition of the invention, and their intended use as 
injectable therapeutic agents. 

55 

A Compositions for E nhancing an Immune Response 

In one general embodiment, the effector in the liposome composition is a molecule capable of enhancing an 
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immune response when administered parenterally. 

1 . Effector. The Fab effector composition is used as a passive vaccine to provide humoral immunity against one 
of a variety of selected pathogenic antigens. The composition is administered to supplement a weakened immune 

s response to a given antigen. 

The vaccine effector composition is administered intravenously shortly after exposure to, or shortly before 
expected exposure to a selected pathogen. The composition is preferably injected in an amount corresponding to 
between about 0.1 to 2 mg antibody/kg body weight. After IV administration, the composition circulates in the 
bloodstream, at an effective concentration, for 1-2 days. 

10 2. CD4 Glycoprotein Effector. Numerous therapies for the prevention and treatment of human immunodeficiency 
virus (HIV) infection and acquired immune deficiency syndrome (AIDS) have been proposed. These therapies tar- 
get different steps in the process of viral infection. Frequently, therapy includes the administration of drugs which 
interfere with viral replication, such as AZT and DDL The administration of these drugs is accompanied by toxic 
side effects, since the replication process of normal cells is also affected. 

is Another step in the process of viral infection which *s targeted in therapy is viral attachment to cells. HIV binds 

with specificity to the CD4 receptor of CD4+ T cells. By mechanisms not yet fully understood, the CD4+ cells even- 
tually can become infected by HIV. Soluble CD4 receptor polypeptides have been administered intravenously to 
HIV-infected patients to prevent further HIV infection of a patient's CD4+ T cell population. Heretofore, this therapy 
has not been effective, since CD4 receptor fragments are rapidly cleared from circulation in the blood stream, and 

so inhibitory plasma concentrations cannot be maintained (Capon). 

The effector molecule in this embodiment is a soluble CD4 receptor polypeptide capable of binding to the 
gp120 glycoprotein of human immunodeficiency virus (HIV) to prevent binding of HIV to CD4+ T cells. In a preferred 
embodiment covalent attachment of CD4 is accomplished by coupling periodate oxidized CD4 with hydrazide 
group containing liposomes. ~ 

25 CD4 administered as a long-circulating liposomal composition will remain in the blood stream for a longer 

period of time. The CD4 effector composition can be administered intravenously during early or late stages of HIV 
infection, most beneficially in combination with other drugs used in AIDS therapeutics, so that HIV particles bound 
to the liposomes, to the extent these are taken up by irrfectable cells, will also deliver a dose of the anti -viral agent 
to the infected cells. AZT and DDI are examples of anti-HIV drugs which may be encapsulated in the liposome com- 

30 positions. 

The liposome composition should be administered intravenously in a dose equivalent to an effective blood 
stream CD4 concentration of 1-10 micromotar. Doses of 5-40 mg CD4/kg body weight can be administered, typi- 
cally at intervals of 2-14 days between treatments, with the level of HIV present in the bloodstream being monitored 
during treatment by standard assay methods. 

35 Principal advantages of this composition are the increased circulation time of the CD4 effector in the blood 

stream and the polyvalent presentation of the effector on the surface of the liposomes. Improved affinities of poly- 
valent CD4 presentation has recently been descrtoed (Chen). As described above. CD4 receptor fragments are 
cleared rapidly by renal titration. Covalent attachment of the CD4 polypeptide to liposomal carriers prevents renal 
clearance, and permits circulation of the polypeptide effector composition for 24-48 hours in the blood stream. 

40 Additionally, the polyvalent CD4-bearing liposomes resemble CD4+ T cell lymphocytes in that the CD4 glyco- 

proteins are presented on hydrophobic surfaces which mimic the surfaces of T cell lymphocytes. This presentation 
is likely to serve as a decoy binding HIV particles and HIV infected cells expressing gp120 so that healthy CD4+ 
lymphocytes are spared. 

3. Effector for stimulating inftammatorv immune responses . Some medical conditions are treated indirectly, by stim- 
45 ulation of the body's natural immune response. Such conditions can include immunodeficiency diseases, such as 
AIDS, chronic infectious, and certain types of cancers. One immunstimulant therapy involves intravenous injection 
of cytokines, which can acts to stimulate B cell and T cell immune responses in a variety of ways. 

The cytokine effector composition may be administered on a 6hort term basis to enhance a weak immunogenic 
or weak microbicidal response. Alternatively, the cytokine effector composition may also be administered on a long 
so term basis as part of a therapy treatment for cancer or AIDS. The effector composition may be administered intra- 
venously at doses of about 0.5 to 5.0 mg/kg body weight to enhance an immunogenic response. These closes 
result in an effective cytokine concentration of about 0.1-1 micromolar in the blood stream. 

B. Comoositions for Blocking Binding to Cell Receptors 

55 

In another general embodiment the effector in the Iposome composition is a molecule capable of blocking the 
binding of an endogenous agent to a cell receptor, to achieve a desired therapeutic effect. 
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1 . ELAM-1 Binding Inhibitor. As one example, inflammation causes the expression of a polypeptide, endothelial leu- 
kocyte adhesion molecule-1 (ELAM-1), on the surface of endothelial cells of the Wood vessels. ELAM-1, in turn, 
recognizes and binds a polysaccharide moiety on surfaces of neutrophils, and recruits neutrophils to sites of inflam- 
mation. By preventing the recognition and binding of neutrophils by ELAM-1 1 excessive inflammatory responses 
due to conditions, such as reperfusion injury, septic shock, and chronic inflammatory diseases, can be avoided. 

In this embodiment, the effector is used to prevent the excessive recruitment of neutrophils to sites of inflam- 
mation in the Wood 6tream. The effector is sialyl Lewis* recognized by ELAM-1 (Phillips). This polysaccharide effec- 
tor is covalerrtly attached to long-circulating liposomal compositions by the methods described above. In a preferred 
embodiment attachment of sialyl Lewis x to liposomes is accomplished via the reducing end of the glucosamine res- 
idue. The reducing end can easily react with a hydrazide group of a DSPE-PEG preparation. Coupling of the 
polysaccharide to the liposomal carrier composition prevents the polysaccharide's clearance by the kidney, and 
maintains an effective concentration of the polysaccharide effector over a 48 hour period. The liposomal earner 
composition is administered in doses of 1 0 to 50 micrograms/ kg body weight in a timely fashion, intravenously, and 
close to the site of inflammation. 

2. Inhibitor of IL-1 Activity. As a second example, the effector is IL-1 inhfcitor, which inhibits IL-1's immunostimula- 
tory activity, or IL-1 receptor antagonist (IL1 RA), which blocks the binding of IL-1 to lymphocyte cell surfaces. These 
molecules may be administered to a subject for treatment of septic shock, toxic shock, colonic inflammation, or 
leukemic cell proliferation. In this aspect of the invention, the liposomal earner composition is administered in doses 
of 20 to 50 micrograms/ kg body weight on a short term basis for the treatment sepsis, toxic shock or colonic inflam- 
mation. The liposomal carrier composition may also be administered at 1 to 2 day intervals on a long term basis for 
the treatment of leukemia. 

Other molecules effective to Wock the binding of specific cytokines to specific lymphocyte populations may also 
be employed. 

The use of the long-circulating effector composition, for use in Wocking the binding of endogenous agents to 
cell receptor sites, provides two advantages over the use of free effector. First, the effector is maintained in the 
Woodstream over an extended period, by virtue of Wocking renal clearance of the effector. Secondly, the effector 
molecule, in liposome-bound form, provides greater steric hindrance at the cell surface site of the receptor. Also, 
the competitive binding or Wocking effector and endogenous agent on the receptor site is shifted toward the Wock- 
ing agent, since the liposomal structure will be displaced at a slower rate kinetically, due to its larger size and 
number of blocking molecules in the region of the receptor site. 

3. Peptide Hormones . In this embodiment the effector composition is useful in the treatment of various diseases 
that respond to peptide hormones. In one embodiment, the effector is parathyroid hormone (PTH) which is effective 
to inhibit uncontrolled osteoblast division. 

4. Peptide . In this embodiment, the effector is a short peptide that has cell-binding activity and is effective to com- 
pete with a ligand for a receptor site. Inhibition of the ligand-receptor cell-binding event potentially results in arrest- 
ing the infection process. 

In general, useful peptides will have cell-binding activity due to a portion of sequence other than the end of the 
peptide. In this way, after attachment to the polymer chain on the liposome, the peptide remains active. Another 
general feature of useful peptides is their small size. Peptides of between about 4-20 amino acids are preferred. 

One exemplary peptide. YIGSR, identified herein as SEQ ID NO:6 (Figure 13). is useful for blocking metas- 
tases of tumors. SEQ ID NO:6 is one of the peptide sequences in the B1 chain of laminin responsible for the glyc- 
oprotein's adhesive properties and is known to bind to the laminin receptor. Laminin, the protein in which the 
YIGSR sequence occurs, is a constituent of basement membranes. Circulating metastatic cells which over-express 
the laminin receptor may find their way to laminin molecules in the basement membrane where they may become 
attached and estaWish metastatic tumors. By introducing exogenous YIGSR, the laminin receptors of circulating 
metastatic cells are blocked, thereby inhabiting tumor establishment 

Similarly, the peptide arginine-glycine-aspartic acid -serine (RGDS) has experimentally been shown to inhtoit 
the establishment of metastatic tumors by interfering with the binding of tumor cells to ftoronectin (Humphries). Like 
YIGSR, RGDS is a peptide sequence involved with tumor cell adhesion to basement membranes. 

The infection of lymphocytes by HIV also involves a specific peptide-receptor interaction (Nehete). Here, the 
receptor is the CD4 protein and the peptide is the HIV envelope protein gpt 20. Trie peptide binding sequences are 
located in the V3 loop of gp120. Several peptide sequences of between 8-15 amino acids have been implicated in 
the binding interactions. These sequences include SEQ ID NO:1 through SEQ ID NO:5 and are shown in Figure 13. 

Pseudomonas cepacia infections also exhibit specific binding to the cells they infect (Sajjan). Pseudomonas 
pilin proteins, which are found on the bacterial cell surface, act as receptors for host proteins called mucins. Suita- 
We peptides have been disclosed (e.g., Sastry, Lee). 
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C Antimicrobial Co mposition 

In this embodiment the effector is a compound which is useful in the prevention and treatment of septic shock. The 
causal agents of septic shock are endotoxins which accumulate during systemic gram-negative bacterial infections 
s (Jawetz). Because of the rapid onset of severe sepsis, treatment is often not begun until critical stages of sepsis. 

The antimicrobial agent which has been used most successfully in treating septic shock against in cases of septic 
shock is polymyxin B. Because the compound is rapidly excreted, high doses of polymyxin B are required for effective 
treatment. The high doses, unfortunately, can lead to severe renal toxicity. 

In the present invention, polymyxin B circulation in the bloodstream is extended severalfokJ by its attachment to 
10 long-circulating liposomes. The compound is attached to long-circulating liposomal composition carriers by the coupling 
methods described above. 

The liposomal composition is administered on a short term basis, at a dose of 0.1-0.5 mg/ kg body weight as a 
prophylactic for individuals at risk of. or suffering from acute septic shock. Features of the polymyxin B liposomal com- 
position, already discussed, will minimize polymyxin B*s renal accumulation and renal toxicity. 
15 The following examples illustrate methods for preparing derivatized lipids and protein-coated liposomes in accord- 
ance with the invention. 

Example 1 

20 Preparation o f DSPE-PEG-Maleimide 

I Preparation of the Mono 2-nitrobenzenesulfonamide of PEG bisfamine) (compound IP 

A mixture of 1.7 g (0.5 mmole) of commercially available polyethylene glycol b*s( amine) and 104 mg (0.55 mmole) 
2s of 2 -nitrobenzene sutfonyl chloride were added to a round-bottomed flask. The minimum amount of dioxane to effect 
solution (about 15 ml) and 280 microliters of triethylamine (2 mmole) were added. The reaction flask was stoppered and 
let to stand at room temperature for 4 days. 

Thin layer chromatography (TLC) on silica coated plates using a solvent mixture of the following composition 
CHCI3/ CH 3 OH/ H^O/ NH4OH; 130/ 70/ 8/ 0.5; vVv/v/v showed fluorescence quenching spots at Rf= 0.87 to 0.95 and 
30 RpO.68-0.75. The 2-nitro benzene sulfonyl chloride was a more compact spot at Rf=0.85. The UV absorbing material 
at R f = 0.87-0.95 probably represented the bis-2-nitro-benzenesurfenamide. The material at RpO.68-0.75 probably rep- 
resented the desired rnono-2-nitrobenzenesutfonaimde of the starting diamine. 

The solvent was evaporated under vacuum to obtain 2.135 g of a yellow syrup. It was dissolved in 5 ml chloroform 
and placed at the top of a 21 mm x 270 mm column of Si02 wetted with chloroform. The product was purified by pass- 
35 ing through the column, in sequence: 





100 


ml 


100% chloroform 


0% (1% cone. NH 4 OH 




200 


ml 


90% 


10% 


40 


100 


ml 


60% 


20% 




100 


ml 


70% 


30% 



Fifty ml aliquots were collected separately and assayed by TLC as described above. Most of the yellow, ninhydrin 
positive-reacting material was eluted in the 20% (1% cone. NH4OH in MeOH) fraction. The fractions were dried and 
resulted in 397 mg of a bright yellow solid. The yield of the pure sample was about 20%. 

so II. Preparation of the Imidazole Carbamate of the Mono 2-nrtrobenzenesuffonamide of PEG bigfcmrne) fcornpgund III) 

550 mg (0.15 mmole) of the 2-nHrobenzenesurfonamide of PEG bis(amine) were dissolved in anhydrous benzene. 
To this was added 49 mg of carbonyl diimidazole (0.3 mmole) and 28 microliters (0.20 mmole) of triethylamine. The air 
in the reaction vessel was displaced with nitrogen, the flask stoppered and heated in an 80 degree oil bath for 4 hours. 
65 TLC on silica-coated plates using the same solvent system as described above, showed that all the starting sulfona- 
mide (Rf=0.72) had been consumed, and had been replaced by an iodine absorbing material at Rf=0.92. The solvent 
was removed under vacuum. The residue was dissolved in about 2.5 ml chloroform and transferred to the top of a 21 x 
280 mm column of silica which was wetted with chloroform. The following solvents were passed through the column, in 
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sequence: 

100 ml 100% chloroform 0% (1% cone. HH,OH In MeOH) 

100 ml 90% " 10% 

200 ml 80% " 20% 



50 ml fractions were collected and assayed by TLC, the desired product was found predominantly in the 20% (1% cone. 
NH 4 0H in MeOH fraction). When the pooled fractions were evaporated to dryness, 475 mg of a lemon-yellow solid were 
obtained. This was dissolved in 4.75 ml benzene. 



Ill preparation of the DSPE carbamide of the 2-nitrobenzene sulfonam ide of PEG Bsternine) 

15 To the 450 mg (0.1 25 mmole) of 2-nitrobenzenesulfonamide of the imidazole carbamide of the PEG bis(amine) dis- 
solved in 4.5 ml benzene was added 93 mg DSPE (0.125 mmole) and 70 microliters (0.50 mmole) of triethylamine. The 
air was displaced with nitrogen, the flask stoppered and heated in an oil bath at 80 degrees for 6 hours. The flask was 
cooled to room temperature. DSPE migrates in the above described TLC system with an Rf of 0.54. TLC indicated that 
all the DSPE had been consumed. The solvent was evaporated under vacuum. The residue was dissolved in 2.5 ml 

20 chloroform and placed at the top of a 21 x 260 mm column of silica wetted with chloroform. The sample was purified by 
passing through the column in sequence: 





100 


ml 


100%-chloroform-- 


-0% -<l%-Cona.__NH 4 OH. 


25 


200 


ml 


90% 


10% 




100 


ml 


80% 


20% 




100 


ml 


70% 


30% 



30 



35 



The desired product eluted at 20% (1% cone. NH 4 OH in MeOH), was evaporated and afforded 358 mg of a bright 
yellow solid with an Rf= 0.95. Fractions containing imidazole were not used and the final yield of the product (0.0837 
mmoles) was 65%. 

IV Preparation of the DSPE Carbamide of PEG b isfaminel (compound IV) 



About 358 mg of nrtrobenzenesulfenamide of the DSPE carbamate of polyethyleneglycol bis (amine) were dis- 
solved in 10 ml ethanol. To the solution were added 2.4 ml water and 1.2 ml acetic acid. The mixture was allowed to 

40 stand at room temperature for 18 hours. TLC analysis showed only partial deprotection. Another 2.3 ml water, and 
another 1.2 ml acetic acid were added and the reaction was left standing overnight. On silicate coated plates, using a 
similar solvent system as described above as the developer, florescence quenching material appeared at Rp0.86 and 
R f =0.74. The desired ninhydrin reactive, phosphate containing material migrated with an Rf value of 0.637. This spot 
showed no fluorescence quenching. 

45 The solvent was removed under vacuum. The residue was redissolved in 15 ml chloroform and extracted with 15 
ml 5% sodium carbonate. The mixture was cerrtrifuged to effect separation, and the sodium carbonate phase was reex- 
tracted 2x with 15 ml chloroform. The combined chloroform extracts were evaporated under reduced pressure to obtain 
386 mg of wax. TLC indicated that the wax was largely a ninhydrin positive, phosphate containing lipid of Rp0.72. 
The wax was dissolved in 2.5 ml chloroform and placed on a silicate column which had been wetted with chloro- 

50 form. The following solvents were passed through the column in sequence: 



55 
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100 ml of 100% chloroform 0% (1% CONC. NH^OH in MeOH) 

100 ml 90% 10% 

5 100 ml 80% 20% 

100 ml 70% 30% 

100 ml 50% 50% 

100 ml 0% 100% 

10 



The samples were assayed by TLC. The desired product was found in the factions with 30% and 50% (1% cone. 
NH 4 OH in methanol). These samples were combined and evaporated to dryness under vacuum to afford 91 mg (22 
is micro moles) of a viscous syrup. 

V Preparation of the Maleic Acid Derivative of the DSPE Carbamide of PEG histamine) (compound V) 

To 1 8 micromoles of the DSPE carbamide of PEG bis (amine) described above, dissolved in 1 .8 ml chloroform, was 
20 added 3.5 mg (36 micromoles) maleic anhydride and 5 microliters (36 micromoles) triethylamine. The stoppered flask 
was allowed to stand at room temperature for 24 hours. The solvent was evaporated. TLC on silica plates indicated that 
all the starting material, had been replaced by a ninhydrin negative, phosphate containing material of Rf« 0.79-1.00. 



25 



30 



VL Preparation of the Maleim ide of the DSPE carbamide of PEG bis (amine) (compound VI) 

The syrup was dissolved in 2 mis acetic anhydride saturated with anhydrous sodium acetate. The solution was 
heated in a 50 degree Centigrade oil bath for two hours. 10 ml ethanol were added and evaporated under vacuum. This 
step was repeated twice to remove excess acetic anhydride and acetic acid. The residue was taken up 1 ml chloroform, 
and passed through a silica column with the following solvents in sequence: 

loroform 0% (1% cone. NH^OH in MeOH) 
10% 
20% 
30% 



50 ml samples were collected, and the main product was found in the fractions eluted with 1 0% of 1 % cone. NH 4 OH 
40 in MeOH. The fractions were combined and then evaporated to dryness under vacuum which afforded 52 mg of a pale, 
yellow, viscous oil. which by TLC migrated with an Rf of 0.98 and contained phosphate. 12.3 micromoles product were 
obtained which corresponded to a yield of about 34%. 





100 


ml 


100% 




200 


ml 


90% 




100 


ml 


80 


35 


100 


ml 


70% 



Example 2 

45 

Preparation D SPE-PEG 3-f2-pvridv1drthio) propionamide 

The DSPE carbamide of PEG bis (amine) (50 micromoles) is dissolved in 3 ml of anhydrous methanol containing 
50 micromoles of triethylamine and 25 mg of N-succinimidyl 3-(2-pyridy!dithio) propionate (SPDP). The reaction is car- 

50 ried out at room temperature for 5 hours under an argon atmosphere. Methanol is removed under reduced pressure, 
and the products were redissolved in chloroform and applied to a 10 ml silica gel column which had been activated at 
150 degrees overnight and had been prewashed. A similar solvent system as used in Example 1 is used to purify the 
product. Analysis on TLC plates indicates a product with an Rp 0.98 which reacts negatively with ninhydrin. contains 
phosphate and has no free sulfhydryl groups. When the product is treated with excess dithiothreitol. 2-thiopyridinone is 

55 released. 
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Example 3 

Preparation of the Aldehyde of the Ethvlene-Linked PEG-PSPE 

5 I. Preparation of l-trimethvlsiMoxv-PEG (compound 

15.0 gm (10 mmoles) of PEG) M.Wt. 1500, (Aldrich Chemical) was dissolved in 80 ml benzene. 1.40 ml (11 
mmoles) of chlorotrimethyl silane (Aldrich Chemical Co.) and 1 .53 ml (1 mmoles) of triethyl amine was added. The mix- 
ture was stirred at room temperature under an inert atmosphere for 5 hours. 

w Hie mixture was filtered by suction to separate crystals of triethylammonium chloride and the crystals were washed 
with 5 ml benzene. Filtrate and benzene wash liquids were combined. This solution was evaporated to dryness under 
vacuum to provide 15.83 grams of colorless oil which solidified on standing. 

TLC of the product on Si-C 18 reversed-phase plates using a mixture of 4 volumes of ethanol with 1 volume of water 
as developer, and iodine vapor visualization, revealed that all the polyglycoi 1500 (Rp0.93) has been consumed, and 

is was replaced by a material of Rp0.82. An infra-red spectrum revealed absorption peaks characteristic only of polygly- 
cols. 

Yield of 1-trimethylsilyoxyPEG, M.W. 1500 was nearly quantitative. 

II. Preparation of Trifluoromethane S uHonvl Ester of TrimethvlsiMoxv-PEG (compound XI) 

20 

15.74 grams (10 mmol) of the crystalline l-trimethyisilyloxy PEG obtained above was dissolved in 40 ml anhydrous 
benzene and cooled in a bath of crushed ice. 1 .53 ml (1 1 mmol) triethylamine and 1.85 ml (1 1 mmol) of trrfluorometh- 
anesulfonic anhydride obtained from Aldrich Chemical Co. were added and the mixture was stirred over night under an 
inert atmosphere until the reaction mixture changed to a brown color. 
25 The solvent was then evaporated under reduced pressure and the residual syrupy paste was diluted to 100.0 ml 
with methylene chloride. Because of the great reactivity of trifluoromethane sulfonic esters, no further purification of the 
trifluoromethane sulfbnyl ester of l-trimethylsilyloxy PEG was done. 

III. Preparation of N-1-tri methvteiMoxv PEG 1500 PE (compound XII) 

so 

10 ml of the methylene chloride stock solution of the trifluoromethane sulfonyl ester of 1 -trimethyteilyloxy PEG was 
evaporated to dryness under vacuum to obtain about 1 .2 grams of residue (approximately 0.7 mmoles). To this residue, 
3.72 ml of a chloroform solution containing 372 mg (0.5 mmoles) egg PE was added. To the resulting solution, 139 
microliters (1 .0 mmole) of triethylamine was added and the solvent was evaporated under vacuum. To the obtained res- 

35 idue, 5 ml dry dimethyl formamide and 70 microliters (0.50 mmoles) triethylamine (VI) was added. Air from the reaction 
vessel was displaced with nitrogen. The vessel was closed and heated in a sand bath a 1 1 0°C for 22 hours. The solvent 
was evaporated under vacuum to obtain 1 .58 grams of brownish colored oil. 

A 21 x 260 mm chromatographic absorption column filled with Kieselgel 60 silica 70-230 mesh, was prepared and 
rinsed with a solvent composed of 40 volumes of butanone, 25 volumes acetic acid and 5 volumes of water. The crude 

40 product was dissolved in 3 ml of the same solvent and transferred to the top of the chromatography column. The chro- 
matogram was developed with the same solvent and sequential 30 ml portions of effluent were assayed each by TLC. 

The TLC assay system used silica gel coated glass plates, with solvent combination butanone/acetic aridAvater; 
40/25/5; v/vfv. Iodine vapor absorption served for visualization. In this solvent system, the N-1-trirnethylsilyloxy PEG 
1500 PE appeared at Rf«0.78. Unchanged PE appeared at Rf=0.68. 

46 The desired N-1 -trimethyteilyloxy PEG 1500 PE was a chief constituent of the 170-300 ml portions of column efflu- 
ent. When evaporated to dryness under vacuum these portions afforded 1 1 1 mg of pale yellow oil of product. 

IV. Preparation of N-Polvethylene pl ycvl 1500; PE (compound XII) 

so Once-chromatographed, PE compound was dissolved in 2 ml of tetrahydrofuran. To this, 6 ml acetic acid and 2 ml 
water was added. The resulting solution was let to stand for 3 days at 23°C. The solvent from the reaction mixture was 
evaporated under vacuum and dried to constant weight to obtain 75 mg of pale yellow wax. TLC on Si-C18 reversed- 
phase plates, developed with a mixture of 4 volumes ethanol, 1 volume water, indicated that some free PE and some 
polyglycoMike material formed during the hydrolysis. 

55 The residue was dissolved in 0.5 ml tetrahydrofuran and diluted with 3 ml of a solution of ethanol water; 80:20; v:v. 
The mixture was applied to the top of a 10 mm x 250 mm chromatographic absorption column pacted with octadecyl 
bonded phase silica gel and column was developed with ethanol water 80:20% by volume, collecting sequential 20 ml 
portions of effluent. The effluent was assayed by reversed phase TLC. Fractions containing only product of Rf=0.08 to 
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0.15 were combined. This was typically the 20-100 m! portion of effluent. When evaporated to dryness, under vacuum, 
these portions afforded 33 mg of colorless wax PEG-PE corresponding to a yield of only 3%, based on the starting 
phosphatidyl ethanolamine. 

NMR analysis indicated that the product incorporated both PE residues and PEG residues. The product prepared 
s was used for a preparation of PEG-PE liposomes. 

V. Preparation of the A ldehyde of PEG-DSPE (compound XIII) 

The free hydroxyl group on PEG derivatized by DSPE can be oxidized to the corresponding aldehyde in the follow- 
to ing manner prior to incorporation of the linear polymers into liposomes (Harris). About 2.7 g PEG1500-DSPE (1 
mmole), which is prepared as in Example 3, is added to 0.4 g acetic anhydride in 15 ml dimethylsulfaxide with stirring 
for 30 hours at room temperature. At this point the reaction mixture is neutralized with dilute sodium hydroxide, the sol- 
vent is evaporated under reduced pressure. 

The residue is dissolved in 10 ml chloroform, washed with two successive 10 ml portions of water, and cerrtrifuged 
is to separate chloroform and water phases. The chloroform phase is evaporated under vacuum to obtain a wax. The wax 
is re-dissolved in 5 ml chloroform and transferred to the top of a 21 x 270 mm column of silica gel moistened with chlo- 
roform. The column is developed by passing 100 ml of solvent through the column. The following solvents were used in 
sequence: 

20 Volume % Volume % Methanol Containing 

Chloroform 2% Cone. Ammonium Hvdrox ldf* /methanol 

0% 

5% 

10% 
15% 
20% 
30% 
40% 
50% 
100% 



25 



100% 

95% 

90% 
85% 
80% 
70% 
60% 
50% 

so 0% 



Separated 50 ml fractions of column effluent are saved. The fractions of the column are separated by TLC on Si- 
35 C18 reversed-phase plates. TLC plates are developed with 4 volumes of ethanol mixed with 1 volume of water. Visual- 
ization is done by exposure to iodine vapor. 

Only those fractions containing an iodine-absorbing lipid of R f about 0.20 were combined and evaporated to dry- 
ness under vacuum and dried in high vacuum to constant weight. In this way 94 mg of waxy crystalline solid was 
obtained of M.W. 2226. The conversion of the terminal alcohol to the aldehyde can be monitored by IR. 

40 

Example 4 

Synthesis of N-hvdroxvsuccinimide ester of g-hydroxy-^carbaxymethvlamino-carbonvn oxv-polv(oxYlene) (Com- 
pound XXI VI and Coupling to DSPE 

45 

a-hydroxy-o-carboxy derivative of PEG (XXIX) (2 g, * 1 mmol) and N-hydroxysuccinimide (0.23 g, 2 mmol) were 
dissolved in methylene chloride-ethyl acetate (4 ml, 1:1). The solution was cooled on ice-water bath and treated with 
dicydohexylcatbodiimide (DCC) (0.25 g, 1 .2 mmol) predissolved in ethyl acetate (1 ml). Within a few minutes the solu- 
tion became cloudy as dicyctohexylurea (DCU) appeared. After 2 hours the reaction mixture was filtered from DCU and 

so evaporated into dryness. The polymer was crystallized from isopropanol and dried in vacuo over PjOg. Yield: 1.5 g 
(70%). Titration of the product for active acyl content (Zalipsky,1991) gave 4.8 • 10" 5 mole/g (104% of the theoretical 
value). H-NMR (CDCI 3 ) spectra showed in addition to characteristic singlets of PEG (8 = 3.64) and N-hydroxysuccinim- 
ide (6 = 2.84) also triplet of CH 2 -(C=0)-Gly (8 = 4.27) and doublet of methylene group of Glycine residue (5 = 4.33) some 
isopropanol was also present (8=1 .20, 3, J «= 6 Hz). 

55 N-hydroxysuccinimide ester of a-hydroxy-o>-carboxy-PEG (0.52 g, 0.2 mmol) was added to DSPE (0.14 g. 0.185 
mmol) suspension in chloroform (2 ml) followed by triethylamine (0.1 ml, 0.86 mmol). After mixing the mixture was 
heated on water bath at 55°C for 5 minutes. During this time the solution became clear. TLC (chloroform-methanol- 
water 90:182) on silica gel G showed complete conversion of DSPE into a new product, which gave no color with nin- 
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hydrin yet like excess of PEG was readily visualized by iodine vapor. The solution was treated with an equivalent 
amount of acetic acid to neutralize the TEA and evaporated into dryness. The residue was dissolved in water and exten- 
sively dialyzed through 300,000 MWCO cellulose acetate membrane at 4°C, filtered through 0.2 urn and lyophilized, 
yielding pure compound XXIV (360 mg, a 70%). 

Example 5 

Preparation of DSPE-PEG-Hvdrazide (Compound XXXID 

i p r ft pa m tiQn of ^-Hydroxy Acid Derivative of PE G. a^Hvdroxvetrwn-Q>-(carbO^ 
poly(Qxyethy leneXCompounds XIX and XXIX) 

Polyethylene glycol (Fluka. PEG-2000, 42 g. 42 mequiv OH) is dissolved in toluene (200 ml) and azeotropically 
dried (Zalipsky, 1987), and treated with ethyl isocyanotoacetate (2.3 ml, 21 mmol) and triethylamine (1.5 ml. 10 mrnol). 
After overnight reaction at 25°C the solution is evaporated to dryness. The residue is dissolved in 0.2 M NaOH (100 ml) 
and any trace of toluene is evaporated. The solution is maintained at pH 12 with periodical dropwise additions of 4 M 

NaOH. ^ 

When the solution pH is stabilized at pH 12. the solution is acidified to pH 3.0 and the product is extracted with 
methylene chloride (100 ml x 2). TLC on silica gel G (isopropyl alodhol/l-bO/conc. ammonia 105:1) gives a typical chro- 
matogram of partially carboxylated PEG (Zalipsky. 1990) consisting of unreacted PEG (R f = 0.67), monocarbcxylated 
derivative (R, e 0.55) and dicarboxylated derivative of the polymer (R, = 0.47). This solution is dried over (MgSO^, f i- 
tered and evaporated to dryness. The PEG mixture is dissolved in water (50 ml). One-third of this solution (30 ml « 14 
g of derivatized PEG) is loaded onto DEAE-Sephadex A-25 (1 15 ml of gel in borate form). After the underivatized PEG 
Hswashed off the column with water {confirmed by negative polymethacylic acid (PMA) test, (Zalipsky, 1990) gradient 
of ammonium bicarbonate (2-20 mM at increments of 1 -2 mM every 200 ml) was applied, and 50 ml fractions collected. 
Fractions 1 -25 contain only PEG monoacid as determined by PMA and TLC tests. These fractions are pooled together, 
concentrated to « 70 ml, acidified to pH 2 and extracted with methylene chloride (50 ml x 2). Trie CH 2 a 2 solution is 
dried (MgSO^, concentrated and poured into cold stirring ether. The precipitated product is dried in vacuo. Yield: 7 g. 
Titration of carboxyl groups gives 4.6 • 10" 4 mequiv/g (97% of theoretical value). 

II Proration of Compound XXX 

Trie ©-hydroxy acid derivative of PEG (5 g, 2.38 mmol) and terf -butyl carbazate (0.91 g. 6.9 mmol) are dissolved 
in CHgOg-ethyl acetate (1:1, 7 ml). Trie solution is cooled on ice and treated with DCC (0.6 g, 2.9 mmol) predissolved 
in the same solvent mixture. After 30 minutes the ice bath is removed and the reaction is allowed to proceed for an addi- 
tional 3 hours. The reaction mixture is filtered from dicyclohexylurea and evaporated. The product is recovered and puri- 
fied by two precipitations from ethyl acetate-ether (1:1) and dried in vacuo over P 2 O s . Yield: 5.2 g, 98%. TLC of the 
product gave one spot (R f = 0.68) instead of the starting material (Rf = 0.55). H-NMR (CDClg): 5 1 .46 (s. t-Bu. 9H); 3.64 
(s PEG 1 78H): 3.93 (br. d. J = 4.5. CH 2 of Gly, 2H); 4.24 (t. Cfcfe-OCO-Gly. 2H) ppm. 13 C-NMR (CDCI3): 6 28.1 (t-Bu); 
43.4 (CH 2 of Gly); 61.6 (CH 2 OH); 64.3 (CH2OCONH); 69.3 (CHzChfeOCONH); 70.5 (PEG); 72.4 (QhfeCH 2 OH); 81.0 
(CMe3); 155.1 (C=0 of Boc); 156.4 (C=0 of Gly urethane; 168.7 (C=0 of Gly hydrazide) ppm. 

III. Preparation of Compound XXXI 

The o-hydroxy Boc-hydrazide derivative of PEG (5 g. 2.26 mmol) is dissolved in pyridine (1.1 ml), CH 2 CI 2 (5 ml) 
and CH3CN (2 ml) and treated with disuocinimidyl carbonate (1 .4 g, 5.5 mmol) at 25°C overnight. The solution is filtered 
and gradually added to cold ethyl ether (100 ml). The precipitated product is dissolved in warm ethyl acetate (45 ml), 
chilled and mixed with equal volume of ethyl ether. The precipitate is collected by filtration and dried in vacuo over P 2 0 5 . 
Yield: 4.8 g, 90%. Succinimidyl carbonate groups content 4.15 • 10" 4 mequiv/g (98% of theoretical value) was deter- 
mined by titration (Zalipsky, 1991). H-NMR (CDCfe): 6 1.46 (s, t-Bu, 9H); 2.83 (s. succinimide); 3.64 (s. PEG, 178H); 
3.79 (t CtbCHgOCOg-Su); 3.93 (br. d, J = 4.5. CH 2 of Gly, 2H); 4.24 (t. CtfeOCO-Gly. 2H); 4.46 (t, CifcOCOg-Su) 
ppm. 

IV p r pp»r»tinn of Cornoound XXXII 

To prepare the DSPE-PEG-hydrazide a slight excess of succinimidyl carbonate Boc-protected PEG^glycine 
hydrazide. prepared above, is reacted with DSPE suspended in chloroform in the presence of triethylamine. The lipid 
derivative is quickly (5-10 minutes) solubilized in the process of this reaction. The excess of heterobifunctionai PEG is 
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removed by dialysis using 300.000 MWCO cellulose ester dialysis membrane from Spectrum. The recovered lipid con- 
jugate was subjected to conventional Boc-deprotection conditions (4M HCI in dioxanefor 30 minutes) and then further 
purified by recrystallization. H-NMR (CDCy: 5 0.88 (t, Chfe, 6H); 1.59 (t. CfcfeCHzCO, 4 H); 2.84 (t, CHgCO, 4H); 3.64 
(s PEG 180H)* 4 0 (t); 4.2 (m, CH 2 OCO-NH2); 4.4-4.3 (two doublets); 5.2 (g, CH of glyceride). 



Example 6 

Preparation of Liposomes w ith Covalentlv Bound B-Galactosidase 

The maleimide of the DSPE carbamide of polyoxyethylene bis (amine) (3500-DSPE) was prepared as in Example 
1 . p-Galactosidase was purchased from Pierce (Rockford. IL). Enzyme assays with o-nitrophenyl galactose were per- 
formed essentially by monitoring the development of the colored product with an extinction coefficient of 4467 at 413 
nanometers in 0.1 N sodium hydroxide. The assay mixture consisted of 86 mM sodium phosphate pH 7.3. 1 mM mag- 
nesium chloride, 50 mM beta-mercaptoethanol and 2.3 mM o-nitrophenyl galactose and product formation was moni- 
tored for 10 to 1 5 minutes in the linear range of the assay. 

Liposomes (MLV's) were prepared according to standard methods and sized with one of the following compositions 
indicated in Table 4. The liposomes were sized by extrusion through a polycarbonate membrane to 200 nm. 



Table 4 
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where a-T = a-tocopherol (antioxidant). Ch = cholesterol, PC = partially hydrogenated egg PC (IV 40). crossl.nker=the 
maleimide derivative of PEG3500-DSPE, and PG = egg phosphatidyl glycerol. In addition all liposome preparations 
were "spiked" with a 3 H-DPPC tracer. The total lipid concentration in each preparation, after hydration in PBS (50 mM 
sodium phosphate pH 7.2, 50 mM sodium chloride, was 2 mM. . 

CrosslirWng reactions were performed by adding enzyme solution to the liposomes (final protein concentration = 
0 5 mg/ml) and incubating the suspension overnight at ambient temperature with gentle shaking. Unreacted crosslinker 
was then quenched with 10 mM 2-mercaptoethanol (2-ME) for 30-60 minutes at 37°C. Liposomes were separated from 
unconjugated protein by flotation through a metrizamide gradient: the sample was brought to 30% (w/v) metrizamide 
and transferred to an SW60T1 tube, 20% metrizamide was layered above, then PBS was added on top to provide an 
aqueous interface. Gradients were centrifuged at 45.000 rpm for 60 minutes at 4°C, then each liposomal band, easily 
visWe at the PBS interface, was collected and transferred to dialysis tubing. Dialysis proceeded overnight at 4°C 
against two changes of PBS. Removal of the metrizamide was necessary because it inhfoits 0-galactosidase activity 
significantly even at 1% (w/v) concentration. 



Example I 

Liposome Blood Lifetime Measurements of Hvdraz ide End-functionalized PEG Liposomes 
I. Preparation of Hvdrazide End-functionalized Liposomes 

Hydrazide PEG-DSPE composed of PEG, end-funct tonal ized with a hydrazide group, and distearyl-PE was pre- 
pared as described. The hydrazide PEG-DSPE lipid was combined with partially hydrogenated egg PC (PHEPC) and 
cholesterol in a lipid :lipid:lipid mole ratio of about 0.15:1 .85:1 and the lipid mixture was hydrated. Generally, lipid hydra- 
tion occurred in the presence of desferal mesylate, followed by sizing to 0.1 micron, and removal of non-entrapped des- 
feral by gel filtration with subsequent loading of GaK)xkJe into the liposomes. The unencapsulated Ga was removed 
during passage through a Sephadex G^SO gel exclusion column. Both compositions contained 10 micromoles/ml in 
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0. 15 M NaCI, 5 mM desferal. 

A second lipid mixture was prepared in a similar manner but with HSPC instead of PHEPC 

n Mft psurina Blood C irculation Time and Tissue Levels 

5 

In vivo studies of liposomes were performed in laboratory rats at 200-300 g each. These studies involved tail vein 
Section of liposome samples at about 1 0-20 micromolar phospholipid/kg body weight. Blood sample were obtained by 
retroobital bleeding at defined times. The animals were sacrificed after 24 hours and tissues removed for label quanti- 
tation. The weight and percent of the injected dose in each tissue was determined. The studies were carried out using 
io 67 Ga-desferal loaded liposomes and radioactivity was measured using a gamma counter. The percent of the injected 
dose remaining in the blood at several time points up to 24 hours, and in selected tissues at 24 hours was determined. 

A Plasma Kinetics of Hvdrazide- PEG Liposomes 

15 The liposome corrposition (0.4 ml) was injected IV in animals. At times 0. 0.25, 1 . 3. or 5 and 24 hours after injec- 
tion blood samples were removed and assayed for the amount of GanJesferal remaining in the blood, expressed as a 
percentage of the amount measured immediately after inj ectton. HydrazkJe-PEQ liposome have a blood half life of about 
15 hours, and nearly 30% of the injected material is present in the Wood after 24 hours. 

20 B 24 Hour Tissue Levels 

Studies to determine the distribution of gallium labelled liposomes in selected tissues, 24 hours after intravenous 
liposome injection, were carried out The liposome composition (0.4 ml) was injected IV in animals. The percent dose 
remaining in tissues 24 hours after intravenous administration is shown in Table 3.- 

25 

Claims 

1 . A liposome composition for use in treating a subject with a polypeptide or polysaccharide effector which is effective 
as a pharmacological agent when circulating in free form in the bloodstream, but which is rapidly removed from the 

so bloodstream by renal clearance in free form, comprising liposomes having an outer surface layer of hydrophilic pol- 
ymer chains and said effector covalentty attached to the distal ends of said chains wherein the effector is not an 
antibody lacking the Fc portion which is directly linked to the distal end of polyethylene glycol chains covalentty 
bound to the surface of the liposomes. 

35 2. The liposome composition of claim 1 , wherein the effector is selected from the group consisting of: 

(a) a CD4 glycoprotein, for use in treating the subject for infection by human immunodeficiency virus (HIV); 

(b) a cytokine or a cellular growth factor, for use in stimulating an immune response in the subject; 

(c) a polysaccharide which binds to endothelial leukocyte adhesion molecule (ELAM), for use in treating inflam- 
40 motion related to neutrophil recruitment and tissue infiltration; 

(d) IL-1 inhibitor or IL-1RA, for treating a subject to achieve immune-response suppression; 

(e) polymyxin B or polymyxin 6 decapeptide, for treating the subject of septic shock; and 

(f) a peptide hormone, for treating a subject to regulate cellular growth 
(h) a peptide for inhibiting a ligand-receptor cell-binding event. 

45 

3. The liposome composition of claim 2, wherein the polysaccharide which binds to endothelial leukocyte adhesion 
molecule (ELAM) is sialyl Lewis x . 

4. A liposome composition for use in treating inflammation in a subject comprising liposomes having an outer surface 
so layer of hydrophilic polymer chains and sialyl Lewis" covalentiy attached to the distal ends of said chains. 

5. A liposome composition for use in treating septic shock in a subject comprising liposomes having an outer surface 
layer of hydrophilic polymer chains and polymyxin B covalentiy attached to the distal ends of said chains. 

55 6. A liposome composition for use in treating infection by a pathogen comprising liposomes having an outer surface 
of hydrophilic polymer chains and an antibody fragment having neutralising activity against the pathogen 
present in the bloodstream. 
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7. Use of a liposome composition comprising liposomes having an outer surface layer of hydrophilic polymer chains 
and a polypeptide or polysaccharide effector which effector is effective as a pharmacological agent when circulat- 
ing in free form in the bloodstream, but which is rapidly removed from the bloodstream by renal clearance in free 
form, said effector being covalently attached to the distal ends of said chains and wherein the liposomes do not 
comprise encapsulated drug, for the manufacture of a medicament for treating a disease condition with said effec- 
tor. 

8. The liposome composition of any one of claims 1 to 6 or the use of claim 7. wherein said nydrophilic polymer is 
selected from the group consisting of polyethyleneglycol, polytfnylpyiTolidone, polymethyloxazoline. polyethyloxa- 
zoline, polyhydroxypropyl methacrylamide, polymethacrylamide, polydimethylacrylamide, polylactfcacid, polygly- 
colic acid, and derivatised celluloses. 

9. The liposome composition or use of claim 8, wherein the hydrophilic polymer chains are polyethylene glycol chains 
and have a molecular weight between about 1 ,000 and 10,000 daltons. 



PatentansprQche 

1 . Eine 4x>som-Zusarrrrnensetzung zur Verwendung bei der Behandlung eines Patienten mrt einem Pdypeptid- Oder 
Polysaccharid-Effektor, der als ein pharmakologisches Mittel wirkt wenn er in freier Form im Blutstrom zirkufiert. 
der jedoch rasch aus dem Blutstrom durch Nierenausscheidung in freier Form entzogen wird, welche Zusammen- 
setzung Liposome umfaBt die eine auBere Oberflachenschichte aus hydrophilen Polymerketten und den genann- 
ten Effektor kovalent an den distalen Enden dieser Ketten gebunden aufweisen. wobei der Effektor kein Antikdrper 
ist, dem der Fc Abschnrtt, der direkt an das distale Ende vo n Polye lh ylenglyto l ketten ge b unden ist, die kovalent mrt 
der Oberf Idche der L^bsomevertxindCT sind, fehlt7~~" 

2. Die Uposom-Zusammensetzung nach Anspruch 1, in welcher der Effektor aus der Gruppe ausgewaNt ist, die 
besteht aus: 

(a) einem CD4 Glycoprotein, zur Verwendung bei der Behandlung des Patienten auf eine Infektion durch das 
humane Immundefizienz-Virus (HIV); 

(b) einem CytoWn oder einem Zellwachstumsfaktor, zur Verwendung bei der Stimulierung einer Immunantwort 
in dem Patienten; 

(c) einem Polysaccharid, welches an ein endothelial es Leukozyten-Adh&sionsmolekOl (ELAM) bindet, zur Ver- 
wendung bei der Behandlung einer Errtzundung im Zusammenhang mit Neutrophilen-Rekrutierung und 
Gewebsinfittration; 

(d) IL-1 Inhibitor oder IL-1RA, zur Behandlung eines Patienten zur Erzielung von IrmTunantwort-Suppression; 

(e) Polymyxin B oder Polymyxin B Decapeptid, zur Behandlung des Patienten bei septischem Schock; und 

(f) einem Peptid-Hormon, zur Behandlung eines Patienten zur Regulierung von Zellwachstum; 
(h) einem Peptid zur Irihibierung eines IJgand-Rezeptor-Zelbindungsereignisses. 

3. Die Liposom-Zusammensetzung nach Anspruch 2. in welcher das Polysaccharid. das an das endotheliale Leuko- 
zyten-AdhasionsmolekQI (ELAM) bindet. Sialyl Lewis x ist 

4. Eine Liposom-Zusammensetzung zur Verwendung bei der Behandlung einer Errtzundung in einem Patienten, wel- 
che Zusammensetzung Liposome umfaBt, die eine auBere Oberflachenschichte aus hydrophilen Polymerketten 
und Sialyl Lewis x kovalent an die distalen Enden dieser Ketten gebunden aufweisen. 

5. Eine Liposom-Zusammensetzung zur Verwendung bei der Behandlung von septischem Schock in einem Patien- 
ten, welche Zusammensetzung Liposome umfaBt, die eine auBere Oberflachenschichte aus hydrophilen Polymer- 
ketten und Polymyxin B kovalent an die distalen Enden dieser Ketten gebunden aufweisen. 

6. Eine Liposom-Zusammensetzung zur Verwendung bei der Behandlung einer Errtzundung durch ein Pathogen, wel- 
che Zusammensetzung Liposome umfaBt. die eine auBere Oberflachenschichte aus hydrophilen Polymerketten 
und ein Antikorper F* Fragment mrt neutralisierender Wirkung gegen das im Blutstrom vorliegende Pathogen auf- 
weisen. 

7. Verwendung einer Liposom-Zusammensetzung, welche Liposome umfaBt, die eine fiuBere Oberfl&che aus hydro- 
philen Polymerketten und einen Polypeptid- oder Polysaccharid-Effektor aufweisen, welcher Effektor als ein phar- 
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makologisches Mittel wirkt. wenn er in freier Form im Blutstrom zirkuliert, jedoch rasch aus clem Blutstrom durch 
Nierenausscheidung in freier Form entzogen wird, wobei dieser Effektor kovalerrt an die distalen Enden der 
genannten Ketten gebunden ist und wobei die Liposome kein eingekapseltes Arzneimittel umfassen, for die Her- 
steilung eines Medikaments zur Behandlung eines Krankheiiszustands mit dem genannten Effektor. 

8. Die Uposom-Zusammensetzung nach einem der Ansprflche 1 bis 6 oder zur Verwendung nach Anspruch 7, in wel- 
cher das genanrrte hydrophile Polymer aus der Gruppe ausgewahlt ist, die besteht aus: Polyethylenglykol, Polyvi- 
nylpyrrolidon, Polymethyloxazolin, Polyethyloxazolin, Polyhydroxypropylmethacryiamid, Polymethacrylamid, 
Polydimethylacrylamid, Polymilchs&ure. Polyglycols&ure und derivatisierten Zellulosen. 

9. Die Uposom-Zusammensetzung zur Verwendung nach Anspruch 8, in welcher die hydrophilen Polymerketten 
Polyethylenglykolketten sind und ein Molekulargewicht zwischen etwa 1000 und 10000 Datton haben. 

Revendications 

1 . Composition liposomiale, pour utilisation dans le traitement d'un patient avec un effecteur polypeptidique ou poly- 
saccharidique. qui est eff icace en tant qu'agent pharmaooiogique quand il circule sous forme libre dans la circula- 
tion sanguine, mais qui est rapidement GliminG de la circulation sanguine par clairance rGnale sous forme libre. 
comprenant des liposomes ayant une couche superficielle extGrieure de chaTnes polymGres hydrophiles. et I edit 
effecteur liG par liaison covalente aux extrGmrtGs distales desdites chaunes. dans laquelle Teffecteur n'est pas un 
antioorps manquant de la portion Fc qui est directement liG k rextrGmitG distale des chaTnes polyGthylGneglycol 
liGes par liaison covalente k la surface des liposomes. 

2. Composition liposomiale selon la revendk»tion 1 dans laquelle Teffecteur est choisi dans rensemWe comprenant : 

(a) une glycoprotGine CD4, pour utilisation dans le traitement du patient pour une infection par le virus du syn- 
drome irnmunodGficitaire acquis (HIV); 

(b) une cytokine ou un facteur de croissance cellulaire, pour utilisation dans la stimulation d'une rGponse immu- 
nrtaire chez le patient ; 

(c) un polysaccharide qui se fixe k la molGcule dadhGrence des leucocytes endothGliaux (ELAM) pour utilisa- 
tion dans le traitement de I'inf lamination apparentGe au recrutemerrt des neutrophiles et & rinfiltration des tis- 
sus ; 

(d) I'inhbiteur IL-1 ou l'IL-1 RA, pour le traitement d un patient dans le but d'arriver k une suppression de la 
rGponse immunitaire ; 

(e) la polymyxine B ou le porymyxine B dGcapeptide, pour le traitement du choc septique chez un patient; et 

(f) une hormone peptidique, pour le traitement d'un sujet dans le but d en rGguler la croissance cellulaire 
(h) un peptide pour inhiber Tenement de fixation des cellules du rGcepteur au ligand. 

3. Composition liposomiale selon la revendication 2. dans laquelle le polysaccharide qui se fixe k la molGcule d'adhG- 
rence des leucocytes endothGliaux (ELAM) est le sialyl-Lewis x . 

4. Composition liposomiale pour utilisation dans le traitement de nnflammation chez un patient,. comprenant des lipo- 
somes ayant une couche superficielle extGrieure de chaTnes polymGres hydrophiles et un siaryl-Lewis* liG par 
liaison covalente aux extrGmrtGs distales desdites chaTnes. 

5. Composition liposomiale pour utilisation dans le traitement du choc septique chez un patient, comprenant des lipo- 
somes ayant une couche superficielle extGrieure de chaTnes polymGres hydrophiles et de la polymixine B HGe par 
liaison covalente aux extrGmrtGs distales desdites chaTnes. 

6. Composition liposomiale pour utilisation dans le traitement d'une infection par un micro-organisme pathogGne, 
comprenant des liposomes ayant une surface extGrieure de chaTnes polymGres hydrophiles et un fragment d 'anti- 
oorps ayant une activitG de neutralisation vis-G-vis du micro-organisme pathogGne prGsent dans la circulation 
sanguine. 

7. Utilisation d une composition liposomiale comprenant des liposomes ayant une couche superficielle extGrieure de 
chaTnes polymGres hydrophiles et un effecteur polypeptidique ou pdysacchartdique, lequel effecteur est efficace 
en tant qu'agent pharmacologique quand il circule sous forme libre dans la circulation sanguine, mais qui est rapi- 
dement GliminG de la circulation sanguine par clairance rGnale sous forme libre, ledit effecteur Gtant liG par liaison 
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covalente aux extr6mit6s distales desdites chaTnes, les liposomes ne comprenant pas de medicament encapsu!6, 
pour fabriquer un m6dicamerrt destin§ au traitement d'un #tat pathologique d I'aide dudit effecleur. 

8. Composition liposomiale selon I'une quelconque des revendications 1 & 6, ou utilisation selon la revendication 7, 
dans laquelle le polym&re hydrophile est choisi dans rensemble comprenant le pdyethyl&neglycol, la polyvinylpyr- 
rolidone, la polymSthylaxazoline. la poIy6thyioxazoHne, le polyhydroxypropylmethacrylamide, le polym6thacryla- 
mide, le polydim6thytacrylamide. le poly(acide lactique), le poly(acide glycolique) et les celluloses transferases. 

9. Composition liposomiale ou utilisation selon la revendication 8, ou les chaTnes polymferes hydrophiles sont des 
chaTnes de poly6thyl6neglycol et ont une masse mol6culaire comprise entre environ 1000 et 10 000 daltons. 
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